INTRODUCTION
============

Schwannomas are the most common benign nerve sheath tumors originating in Schwann cells[@B2]. Most schwannomas are single sporadic benign neoplasms[@B12]. In certain condition such as neurofibromatosis (NF) type 2, patients present multiple schwannomas. Classic hallmark of NF type 2 is bilateral vestibular nerve schwannomas[@B2]. Some authors described in terms of schwannomatosis, presenting multiple nonvestibular schwannomas with no other signs of NF type 2[@B12]. And recently, this condition was recognized as the third major form of neurofibromatosis. The locus of the disease is placed proximal to NF II locus on chromosome 22q[@B8][@B12].

We present a case of multiple schwannomas of the spine related with schwannomatosis, and describe the radiologic and intraoperative findings that clarify the trait of the disease.

CASE REPORT
===========

58-year-old male patient visited our institution with progressive intractable both buttock pain that started 10 months ago. He did not have any relative diagnosed of NF2 in first-degree, and no other family history responded to neurofibromatosis or schwannomatosis. On neurological examination, the patient showed both buttock pain and paresthesia on both lower extremities. Straight leg raising test was negative, and no long tract sign was observed. Sphincter function was normal, and no other specific neurologic deficit was observed including auditory symptoms. In systemic exam, no *café-au-lait* spot or neurofibroma was seen on trunk. He also complained about palpable mass on his right chest wall.

He had history of surgical excision of palpable masses on his left arm and right thigh in three years ago at other hospital, and schwannoma was confirmed at that time. He also had history of cervical disc herniation at C6/7, and underwent anterior fusion 2 years ago. Magnetic resonance imaging (MRI) scan was performed for whole spine, and multiple mass lesions were revealed. Total 13 visible masses were seen in the intradural space at C5/6 left, C7 right, T2/3 ventral, T5/6 right, T6/7 left, T10/11 left foramen, L2/3 right foramen, T12/L1 right, L1/2, L2, L3, L4, and L5 ([Fig. 1](#F1){ref-type="fig"}). Preoperative electrophysiology study showed only chronic bilateral L5 radiculopathy. Under the impression of NF type 2 or schwannomatosis, we performed brain MRI to rule out NF type 2. No visible intracranial mass was observed ([Fig. 2](#F2){ref-type="fig"}).

We planned staged operations due to the reasons that his age was 58, and although his general medical condition was very fair, but operation of long-time could cause unexpected perioperative morbidity. The first operation was performed on thoracolumbar region with intraoperative electrophysiologic monitoring. Through segmental laminectomy, total eight tumors were resected with a permanent pathology of schwannoma. Second operation for cervical and upper thoracic region was followed 3 weeks later. Via en bloc laminoplasty and segmental laminectomy, total four masses were removed. With second operation, palpable mass on the right anterior chest wall was also resected. Pathologic report confirmed schwannoma for all the masses removed ([Fig. 3](#F3){ref-type="fig"}). Postoperatively, the patient showed progressive recovery of both buttock and leg pain, and no neurological or surgical complication was shown. Genetic analysis for NF2 was recommended but refused by the patient due to cost problem.

DISCUSSION
==========

Schwannomatosis, also known as congenital neurilemmomatosis, is a rare syndrome defined by the development of multiple schwannomas of the peripheral nervous system without concomitant involvement of the vestibular nerves[@B2][@B6][@B8][@B10][@B12]. As compared with schwannomatosis, NF type 2 is a well-known genetic disease characterized by the presence of bilateral vestibular schwannomas and multiple cranial and spinal tumors[@B1][@B3]. Unlike schwannomatosis, NF type 2 is a serious, progressive, life-threatening disease[@B1]. Although the schwannomatosis and NF2 phenotypes are similar, these syndromes are genetically unique and show significant differences in the anatomic distribution of lesions and in clinical presentation, medical management, and patient outcomes. Because of significant differences in disease management and patient mortality, distinguishing these two disease entities is more than an esoteric academic exercise on the part of the diagnostic radiologist[@B6]. Reported causes of mortality of NF type 2 include swallowing disorders, surgical complication, increased intracranial pressure caused by intracranial tumor, and malignant transformation of preexisting disease[@B1]. NF type 1 is a common, autosomal dominant neurocutaneous disorder associated with an increased risk of benign and malignant tumor formation. Disease phenotype is different from NF type 2, that diagnosed with clinical grounds when two or more of the followings are present: (1) a first degree relative with NF type 1, (2) six or more *café-au-lait* spot (\>0.5 cm in children and \>1.5 cm in adult), (3) axillary or groin freckling, (4) two or more Lisch nodules (harmartomas), (5) optic pathway glioma, (6) two or more cutaneous or subcutaneous neurofibromas or one flexiform neurofibroma, (7) a distinct bony dysplasia including sphenoid wing dysplasia or thining of the long-bone cortex with- or without pseudoarthrosis[@B3]. As described above, NF type 1 and type 2 present quite different phenotype, but still careful differential diagnosis should be needed. Schwannomatosis represents the third form of neurofibromatosis that differs clinically and genetically from NF type 1 or 2, with an annual incidence of 0.58 cases per 1,000,000 persons. Chronic pain is another typical feature that also presented in our patient. The mean age at diagnosis was 42 years. Our patient\'s age at presentation was not compatible with the typical mean age but was in the range between 25 and 97 years, which have been reported[@B5][@B9].

Diagnostic criteria of NF type 2 was presented on [Table 1](#T1){ref-type="table"}[@B11]. Our patient showed no auditory symptoms, and no evidence of lower cranial nerve dysfunction. Brain MRI scans showed no visible intracranial lesion, and this was valued that differential diagnosis was made. Diagnostic criteria of schwannomatosis was presented on [Table 2](#T2){ref-type="table"}[@B11]. Our patient was 58-years old, and presents multiple schwannoma which was pathologically confirmed. According to the criteria, our patient met definite schwannomatosis.

We performed surgical management without concern of other morbidity of NF type 2. Generally, the goal of management is symptom control, and schwannomatosis-related pain can be treated much like neuropathic pain. As previously known, chronic pain was remained as hallmark of schwannomas, and despite aggressive management with multimodality treatment, most patients did not become pain free (62% of patient did not become pain free after aggressive medical therapy) [@B7]. Furthermore, schwannomas occurred to patient with schwannomatosis are become symptomatic lesion earlier than sporadic solitary schwannoma[@B4]. Our patient was 58-year old, but his life expectancy was not short, so during his life-long follow-up, multiple schwannomatosis could become symptomatic and surgical disease. Because of this aspect, patient with schwannomatosis present depression and anxiety as a common symptom(39% of women and 17% of men with schwannomatosis) [@B4]. And, because of the reason above, our patient showed high anxiety about other non-symptomatic lesions in cervical and thoracic region along with a mass at anterior chest wall, and possibility to progression to symptomatic and surgical disease according to the characteristics of schwannomatosis, we performed staged operations for all visible lesions, though the general rule for asymptomatic lesion is observation[@B6]. We evaluated the patient\'s anxiety and concern as the relative indication of surgical treatment.

CONCLUSION
==========

Patient with severe neuropathic pain from multiple schwannomas, should undergo systemic review and brain imaging for differential diagnosis of NF type 2. Unlike NF type 2, schwannomatosis shows favorable outcomes, and differential diagnosis with appropriate imaging study is absolutely needed.

General treatment rule of asymptomatic schwannoma is observation, but careful surgical treatment could be adopted in a selected patient demonstrating severe anxiety from the remaining tumors. As described above, schwannomas in schwannomatosis occurred early and progress to symptomatic and surgical lesion earlier. So, surgery of schwannomatosis should be concerned as important treatment method. Surgical treatment, however, has the risk of morbidity, and proper treatment decision should be made.

![Total thirteen masses were revealed in Gadolinium-enhanced whole spine MR scan (**A**, **B**, and **C**).](kjs-12-91-g001){#F1}

![Brain MRI scan with Gadolinium enhancement revealed no visible intracranial mass (**A** and **B**).](kjs-12-91-g002){#F2}

![Pathologic report confirmed diagnosis of schwannoma, ×100, Hematoxilin & Eosin (H&E) stain (**A**). Typical Verocay body is seen ×400, H&E stain (**B**).](kjs-12-91-g003){#F3}

###### Diagnostic criteria of neurofibromatosis (NF) type 2[@B11]
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###### Diagnostic criteria of schwannomatosis[@B11]
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^\*^All individuals must lack NF type 2 by criteria, lack vestibular schwannoma (by high resolution MRI), lack NF2 in first-degree relative, and lack germline NF type 2 mutations.
